Background: There is a strong relationship between physical inactivity and low-grade inflammation and its adverse health outcomes, particularly cardiovascular disease. The level of anti-inflammatory and pro-inflammatory cytokines may be changed by exercise. Objectives: The aim of the present study was to determine the response of certain inflammatory biomarkers to exercise with differences in maximal oxygen consumption (VO 2max ). These biomarkers were IL-1β, TNF-α, hs-CRP, IL-6, sICAM-1, IL-10, and ratios of TNF-α/IL-10 and IL-6/ IL-in circulating peripheral blood (PB).
Background
Sub-clinical inflammation due to the increase of inflammatory biomarkers is an important risk factor for aging-related disability and several chronic diseases (1) . It is believed that a strong association exists between physical inactivity and low-grade inflammation and its adverse health outcomes, particularly cardiovascular disease (CVD) (2) . Some studies have shown that exercise probably changes the level of anti-inflammatory and proinflammatory cytokines such as C-reactive Protein (CRP), Interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), Interleukin-10 (IL-10), Interleukin-1β (IL-1β), soluble intercellular adhesion molecule-1 (sICAM-1) (3, 4) .
Historically, the first study demonstrating that level of circulating cytokines can change in response to exercise was published in 1983 by Cannon and Kluger. These authors injected the plasma obtained from human subjects after exercise to rats intraperitoneally, leading to an elevation in the rat's rectal temperature. Plasma collected before exercise failed to show such response (5) . VO 2 is a part of O 2 that is consumed by muscles while exercising. Maximal energy output during aerobic processes can be determined by assessment of maximal oxygen consumption (VO 2max ) (6) .
While several studies have shown that a single exercise session induces a transient increase in inflammatory status (7, 8) , different studies have reported different results and this increase ranges from mild to severe (1, 9) . For example, plasma concentration of IL-6 can be increased up to 100 times during high intensity exercise (10) . These differences are due to changes in the intensity or type of the exercise. However, the effect of one session of aerobic exercise with different intensities on inflammatory markers in people that exercise regularly (e.g. soccer players) has been poorly studied.
Objectives
The present study aimed to determine the effect of a single bout of treadmill running on inflammatory markers immediately after the exercise and at rest (24 hours after exercise) in different VO 2max (65% and 85%); to compare between these inflammatory markers at different intensities; and to determine which of these markers changes immediately after exercise and which changes at rest.
Materials and Methods

Subjects
This semi-experimental study was performed from June 2011 to January 2013. Twenty eligible male students were selected by easy sampling from the students at Shahid Chamran university of Iran. The students were then divided randomly to two groups (10 for the first protocol and 10 for the second protocol). The sample size was calculated with preliminary data from the study of Gray et al. (2009) in which type I error was 0.05 with the power of test was equal to 0.8 (11) . Body weights were measured to the nearest 0.1 kg and the heights to the nearest 0.1 cm, using a standard balance and stadiometer (Seca, Germany). Fatfree mass (FFM, Kg) and fat mass (FM, %) were established by the direct segmental multi-frequency bioelectrical impedance method (inbody230, Biospace, Korea). The inclusion criteria were limited to non-smoking students who performed regular football exercise at least three days a week, for two years. Those who had an acute illness or infection, and those who reported a history of inflammatory, cardiovascular and autoimmune disorders, blood disease, allergy conditions, or had taken any medication for the last four weeks were excluded from the study.
The institutional review board, which is the ethics committee of Ahvaz Jundishapur University of medical sciences, approved the study protocol (Eth.No.036 dated December 2010). A written informed consent was obtained from all cases before their participation in the study.
Exercise Protocols
The aerobic fitness level of each soccer player was determined by measuring VO 2max . The VO 2max was measured during a graded incremental exercise test to symptomlimited exhaustion on a treadmill (Track master TMX-425CP, Full Vision Inc., Newton, KS), using a modified Bruce protocol (12) . Seven days after the VO 2max test, the exercise sessions were performed on treadmills. The first protocol consisted of 30 minutes of running at a speed of 65% of VO2max (submaximal), while the other one consisted of six periodic repetitions with three minutes at a speed of 85% of VO 2max (maximal) with 90 seconds of rest among each repetition.
Cytokines Assay
Fifteen minutes before starting exercise, 5 mL of blood sample was taken from the peripheral vein of each participant. Venous blood was also drawn immediately after the exercise and 24 hours after exercise. Serum samples were then separated and stored at -80˚C until use in the assay.
The secreted cytokine levels in the serum samples were determined using commercially available Sandwich enzyme-linked immunosorbent assay (ELISA) kits (IL-6, IL-1β, TNF-α and IL-10 by Koma BioTec INC., Source Korea and; hs-CRP and sICAM-1 by BioVendor, Czech Republic), according to the manufacturer's instructions (13) . The sample or standard is added to the wells and incubated to allow target proteins to bind. The wells are then washed to remove unbound material. After washing the plates, detected antibodies were added to all wells. This was followed by addition of Horseradish peroxidase HRP-conjugate and washing, according to the manufacturer's protocols. Color was developed with the 3,3′,5,5′-Tetramethylbenzidine TMB substrate and the reaction was stopped using the stop solution (H 2 SO 4 ), and optical density (OD) reading was taken at 450 nm (ELISA reader, TECAN, Sunrise Remote/Taouch Screen, Austria). Cytokine concentrations was measured with a standard curve derived from known amounts of the relevant cytokine, provided by the manufacture. The values below the standard range were considered to be non-measurable values.
Statistical Analysis
A repeated measurement analysis was performed to find the significance of change in: IL-1β, TNF-α, CRP, IL-6, ICAM-1, IL-10 and ratios of TNF-α/IL-10 and IL-6/IL-10 during pre-exercise, post-exercise and at rest for the two exercise protocols. To determine significance using Post Hoc test (LSD) we compared the means of pre-exercise, post exercise and rest time. The Kolmogorov-Smirnov test was used to check the normality of the observations. Statistical significance was considered as P < 0.05. All data are presented as mean values ± standard error of the mean (SEM). The SPSS version 15.0 was used for analyzing the data and Excel was used to generate graphs.
Results
According to the characteristics of subjects, no significant difference was determined between the groups (age: 21.3 ± 1.6 years; body mass: 74.1 ± 8.3 kg; height: 180.1 ± 6.1 cm; FFM: 36.4 ± 0.8 Kg; FM%: 12.2 ± 2.4; and VO 2max : 53 ± 4.2 mL/kg/min). Amongst the inflammatory biomarkers analyzed by repeated measurement analysis in the two exercise protocols, significant changes were observed in the first protocol that was submaximal (30 minutes of running at a speed of 65% of VO 2max ) for IL-1β (P = 0.003) and ICAM-1 (P = 0.008). Significant difference was also seen in the second protocol only for IL-6 (P < 0.00001) and IL-6/ IL-10 ratios (P = 0.015). For the other markers, there was no significant difference between different sampling time points in the two protocols. The descriptive results are presented in Table 1 .
The results of Post Hoc test showed a decrease in IL-1β level at rest from baseline and immediately after exercise (P = 0.008 and P = 0.013, respectively) for the first protocol. The same response was observed for sICAM-1. There was a decrease in the level of sICAM-1 at rest from baseline and post exercise (P = 0.013 and P = 0.038, respectively). However, the differences between baseline and immediately after exercise were insignificant for IL-1β and sI-CAM-1 (P > 0.05) (Figure 1 ). On the other hand, IL-6 and ratio of IL-6/IL-10 increased immediately after exercise from baseline and rest for the second protocol (P = 0.001 and P = 0.001, respectively for IL-6, and P = 0.047 and P = 0.024, respectively for IL-6/IL-10) (Figure 2 ). Assessments were made at baseline (prior to exercise), immediately after exercise (post) and 24 hours after exercise (rest). The same letters (P > 0.05); and different letters (P < 0.05). Assessments were made at baseline (prior to exercise), immediately after exercise (post) and 24 hours after exercise (rest). The same letters (P > 0.05); and different letters (P < 0.05). Assessments were made at baseline (prior to exercise), immediately after exercise (post) and 24 hours after exercise (rest), which were not significant (P > 0.05).
Discussion
Inflammation has a significant role in the pathogenesis of several chronic diseases including Cardiovascular disease CVD, type 2 diabetes mellitus, Alzheimer's disease, osteoporosis, and certain cancers (1) .
Although it is believed that a single bout of exercise induces immune activation, different studies have shown different results (1, 4). These differences may be due to factors, including differences in subject features, the type and intensity of the exercise, period of intervention, the time of taking blood samples and inherent variability in methods for quantifying the circulating level of cytokines. Nevertheless, extensive evidence suggests that both acute and chronic exercises can improve markers of systemic low-grade inflammation (7, 14, 15) .
In this research, we investigated changes in certain inflammatory markers including IL-1β, TNF-α, CRP (hs-CRP), IL-6, sICAM-1, IL-10 and the ratios of TNF-α/IL-10 and IL-6/ IL-10, and observed decreased serum levels of IL-1β and sI-CAM-1 in a single bout of the submaximal exercise (30 minutes of running at a speed of 65% of VO 2max ) that was less severe than the other exercise protocol (six periodic repetitions with three minutes at a speed of 85% of VO 2max ). These inflammatory biomarkers' concentration was measured prior to exercise, and immediately after, as well as 24 hours after the exercise. It can be concluded that lowerintensity exercise has more anti-inflammatory effects than high-intensity exercise. In other words, one bout of aerobic exercise with lower intensity has better anti-inflammatory effects than exercises with high intensity.
While the recommendation to exercise for people with age-related chronic disorders is one of the treatment protocols, these exercise prescriptions might differ in terms of intensity. In other words, recommending lower-intensity (submaximal) exercise will be the best option for prevention and treatment of these diseases.
A single bout of exercise induces a transient increase in immune markers such as leukocyte numbers, and the release of chemical mediators such as cytokines and chemokines. These changes depend on the intensity and duration of the exercise period. The leukocyte and cytokine concentrations return to their resting level a few hours after the end of the exercise bout (7) . A single exercise session can induce immune activation (8) . Accordingly, it is expected for each exercise session (even during a lowintensity aerobic exercise) to slightly induce immune system activation. Although our results, in case of some markers, showed the above-mentioned claim, however, other markers showed immune modulation. It is important to note that in this study, participants were soccer players who exercised regularly and regular aerobic exercise, because of its anti-inflammatory effects, limits immune activation during workout (8) .
Our findings about IL-6 in the first protocol support those of previously published studies, which reported that muscle IL-6 release is very low during moderate exercise. For example, a study performed on female subjects, during a 30-minute brisk walk on a treadmill, showed that plasma IL-6 concentration increased from 1.3 to 2 pg/m (9). During exercise, IL-6 cytokine is released by muscle fibers and induces an increase in the level of other anti-inflammatory cytokines such as IL-10. Furthermore, IL-6 also acts as a suppressor in the production of TNF-α, as a pro-inflammatory cytokine (16) . It is expected that in the second protocol of our study, the increase in IL-6 might have stimulated IL-10 plasma level and suppressed the production of TNF-α, although the rise in IL-10 was not statistically significant.
The CRP is synthesized by the liver in response to inflammatory factors, primarily IL-6, and, to a lesser extent, IL-1 and TNF-α. Furthermore, CRP is used mainly as a marker of subclinical chronic vascular inflammation, and has a predictive value of future cardiovascular events. It mediates the expression of ICAM-1 and VCAM-1 (17) .
While some previous studies have reported that regular exercise has a positive effect on circulating CAMs such as sICAM-1 (17, 18), we found that one session of low-intensity exercise decreases the level of sICAM-1 in individuals who exercise regularly. The IL-10, as an anti-inflammatory cytokine, can be increased by exercise training, and in turn decrease vascular wall inflammation (17) . Our data showed that one session of exercise could not increase IL-10, a small increase in the level of IL-10 was observed after both protocols.
Some exercise interventions have shown that regular exercise decreases the level of IL-1β (19, 20) ; however like sICAM-1, we found that even after a single session of low-intensity exercise, IL-1β could be decreased in participants who exercise regularly. In addition, exercise interventions showed a 24-hour delay in the reduction on IL-1β and sICAM-1 levels (Figure 1) .
Analysis of multiple biochemical markers and calculation of ratios between two or more of these markers have been frequently used to increase the diagnostic potency of cytokine measurement. A balanced ratio between pro-and anti-inflammatory cytokine levels is important for appropriate immune response (21) and the ratios of their expression levels were measured to represent the balance between two types of inflammatory cytokines (22) . We selected the ratios of IL-6 and TNF-α as pro-inflammatory markers and IL-10 as an antiinflammatory factor, because it has been suggested that imbalance between pro-and anti-inflammatory cytokines correlated with mechanisms for increased susceptibility to diseases related to chronic inflammation (23) . Therefore, measurement of the ratio of pro-and anti-inflammatory factors show the degree of the net immunological status that the circulating inflammatory factors are likely to have on their targets, the overall immune bias of an individual's physiological background, and of immune dysregulation (23, 24) . Similarly, the TNF-α/ IL-10 and IL-6/IL-10 ratios used to evaluate the balance between pro-and anti-inflammatory cytokines were significantly increased in some diseases and unhealthy status (24, 25) such as heart diseases (26, 27) . In another study, moderate training for 60 minutes/day, three days per week for 24 weeks, decreased the ratio of TNF-/IL-10 in the elderly people (28) . Although our data showed that one session of exercise cannot change TNF-/IL-10 and increase IL-6/IL-10 immediately after exercise from baseline and rest in the second protocol, further studies with longer interventions are needed in the future to find changes in these ratios in the inflammatory processes during exercise.
Based on our data the TNF-α/IL-10 ratio did not decrease significantly during the study period, yet IL-6/IL-10 showed an increase with the second protocol. In the best of our knowledge, this is one of the first few studies that have investigated these ratios. In our opinion, published data about the effect of exercise intervention on these ratios is insufficient. However, the potential for TNF-α/IL-10 and IL-6/IL-10 ratios serving as biomarkers for exercise intervention needs to be further tested and validated. It must also be acknowledged that insignificant changes in these ratios observed in this study are contrast with other studies and these ratios of inflammatory biomarkers may be sensitive to exercise with different intensities.
The present study was a semi-experimental study with a small population. Our subjects were soccer players therefore our data could not be generalized to other populations. More studies are needed to confirm our results. On the other hand, since football playing is not popular among females of our country, we used only male soccer players in this study. The strong point of our study was focusing on differences between aerobic exercises with difference intensities. On the other hand, we used the ratio of pro-and anti-inflammatory cytokines as a marker to represent the status of inflammation.
In summary, we found that IL-1β and sICAM-1 decreased significantly at rest (24 hours after 30 minutes of running at a speed of 65% of VO 2max ) and a significant increase was observed in IL-6 immediately after exercise from baseline and rest (24 hours after 30 minutes of running at a speed of 85% of VO 2max ) with the second protocol. Other inflammatory markers did not change significantly. In contrast, none of the inflammatory markers were unchanged after running at a speed of 85% VO 2max . On the other hand, this paper showed that immune modulation and inflammatory status immediately and 24 hours after one exercise session differed in low-intensity (at 65% of VO 2max ) and high-intensity (at 85% VO 2max ) exercise. In simpler terms, exercise with lower intensity is more effective than with higher intensity in reducing inflammation. This observation may help patients with age-related chronic disorders and may also be useful for clinicians to make better choices about the type and intensity of exercise that they prescribe.
